Oral hygiene home care practices and cardiovascular disease mortality: a cohort study by Jangam, Tejasvini Goud
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2017
Oral hygiene home care practices
and cardiovascular disease
mortality: a cohort study
https://hdl.handle.net/2144/26760
Boston University
   
 
BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 
 
Thesis 
 
 
 
ORAL HYGIENE HOME CARE PRACTICES AND CARDIOVASCULAR DISEASE 
MORTALITY: A COHORT STUDY 
 
 
by 
 
TEJASVINI GOUD JANGAM 
B.D.S., NTR University of Health Sciences, 2013 
 
 
Submitted in partial fulfillment of the 
requirements for the degree of  
Master of Science  
2017 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2017 by 
 TEJASVINI GOUD JANGAM 
      All rights reserved
   
 
Approved by 
 
 
First Reader ________________________________________________ 
 Stacey Hess Pino, M.S., M.S. 
 Instructor, Department of Medical Sciences & Education 
 
 
Second Reader __________________________________________________ 
 Sok-Ja Janket, D.D.S., M.D., D.M.D., M.P.H. 
 Associate Professor Department of General Dentistry 
 
 
Third Reader _________________________________________________ 
 Naomi Hamburg, M.D.  
 Assistant Professor of Medicine 
  
  iv 
ACKNOWLEDGMENTS 
 
Foremost, I would like to express my sincere gratitude to my advisor Prof. 
Janket for the continuous support of my research, for her patience, motivation, 
enthusiasm, and immense knowledge. Her comments and questions were 
extremely helpful in understanding my research better, and completing my study. 
I could not have imagined having a better advisor and mentor for my thesis. 
Besides my advisor, I would like to thank the rest of my thesis committee: 
Stacey Hess Pino, Janice Weinberg and Dr. Naomi Hamburg for their 
encouragement, insightful comments, and continued guidance. 
Last but not least, I would like to thank my family: my parents for allowing 
me to realize my own potential. All the support they have provided me over the 
years was the greatest gift anyone has ever given me. Thank you for allowing me to 
reach for the stars and chase my dreams. A special thanks to my sister for standing 
by me and having more faith in my abilities than I did. To all my friends, thank 
you for your understanding in my many, many moments of crisis. You ensured 
that I had a wonderful time during these two years, and I will cherish those 
memories. 
  
  v 
ORAL HYGIENE HOME CARE PRACTICES AND CARDIOVASCULAR DISEASE 
MORTALITY: A COHORT STUDY 
TEJASVINI GOUD JANGAM 
 
ABSTRACT 
Purpose: The objective of this study was to examine the association between oral 
hygiene home care habits and cardiovascular (CVD) mortality. 
Methods and materials: This study involved the secondary analysis of data from an 
18 year follow up prospective cohort study of 506 participants with approximately 
50.6% of them having CVD. Logistic regression model was used to compare their 
exposure OH scores, which includes brushing, flossing, use of mouthwash and 
electronic tooth brush, and were regressed to observed outcome, in relation to 
CVD mortality. 
Results: In the multiple regression model a significant association was observed 
between OH scores and cardiovascular disease (CVD) mortality (p = 0.004) as well 
as independent association with flossing in particular (p = 0.03).  
Conclusion: Oral hygiene and oral health are key components to overall systemic 
health, and have an important impact on CVD outcome. Oral hygiene, home care 
flossing in particular, has an independent association in acting as a risk factor for 
CVD mortality.  
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INTRODUCTION 
 
Oral conditions such as caries, periodontitis, tooth loss and poor oral 
hygiene are associated with mortality worldwide, including cardiovascular 
deaths.1,2,3 According to the Center for Disease Control, cardiovascular diseases 
were the number one cause of death in 2015, with approximately 810,000 deaths in 
the United States every year; that is 1 in every 3 deaths.4,5 Mattila et al. was the first 
study that reported an association between poor oral health and CVD.6  
The earliest recorded report relating to extraction of a tooth to disease, in 
this instance, arthritis, occurred in the fourth century BC by Hippocrates, a Greek 
physician who is known as “the father of medicine”.7  Aligned with Hippocrates’ 
theory, which had a major impact on dentistry, was the theory of focal infection 
(the term focal infection was first coined in 1911 by F. Billings, where he asserted 
that abscesses and infections of the gum contributed to systemic diseases 
including cardiovascular diseases).8,9 Billing’s focal infection theory was further 
developed by W.D Miller in 1990. Miller believed that toxins and microorganisms 
released from the mouth caused oral sepsis, which was the origin of various 
disorders of the body.9 
However, due to the lack of concrete evidence and lack of evidence based 
treatment, Billings’ theory was dismissed within 3 decades.10 Consequently, 
researchers have come to an understanding that certain microorganisms uniquely 
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exist in the oral cavity. These microorganisms cause dissemination of pathogenic 
microorganisms to other sites, and that has resurrected the theory of focal 
infection with a more realistic assessment.11 
The oral cavity has been referred to as a window to the entire body as it is 
often the entry point of pathogens into the bloodstream.12 “It includes several  
components including soft tissue, bones, muscles, salivary glands, joints, branches 
of the nervous, immune, and vascular systems that are well connected to the rest 
of the body, i.e. the impetus that oral health is vital for maintaining systemic 
health and well-being throughout life. It is imperative to maintain good oral 
hygiene since oral health has a huge impact on the overall health and health-
related quality of life" Oral Health in America: A Report of the Surgeon General.12 
Further, healthy dentition has been associated with a lower risk of CVD mortality 
in a longitudinal study published by Janket et al.13  
 
ORAL HEALTH 
The World Health Organization (WHO) has defined oral health as ‘a state of being 
free of mouth and facial pain, oral and throat cancers, infections and sores, 
including gum diseases, dental caries, tooth loss, and other diseases and disorders 
that reduce the ability to bite, chew, smile, speak and the general psychosocial 
well-being’.14 Practicing good oral health habits can preserve oral health and 
maintenance of oral homeostasis. Prevention of caries and periodontal diseases 
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can be prevented through mechanical removal of plaque by tooth brushing and 
flossing.15  
In earlier times, oral hygiene was established with the use of various aids 
such as tree barks, baking soda, potash, charcoal, and alum. Today, people use a 
vast array of toothbrushes, both mechanical and standard, and toothpaste. Tooth 
brushing is the most conventional oral hygiene practice which involves removal of 
deposits and stains from the tooth surface, thereby preventing it from caries and 
periodontitis.16 Tooth brushing, a mechanical method is necessary every 12-24 
hours to prevent accumulation of dental plaque. Dental plaque has been defined as 
“a microbial community embedded in a matrix of polymers of microbial and 
salivary origin that form a layer on the tooth surface”. If tooth brushing is not done 
for a week it will lead to the formation of mature plaque of up to 100-300 cells 
thick, which will lead to oral inflammation.17 
Additional home oral cleaning methods include flossing, interdental 
brushes, and use of mouth rinses.18 Tooth brushing is not enough to effectively 
remove deposits in-between the teeth hence inter-dental cleaning aids have been 
introduced.19 For many years dental floss has been used in conjunction with tooth 
brushing, thereby resulting in better oral health. To make cleaning easier newer 
products called interdental cleaning brushes have been introduced which are 
available in different shapes and sizes for patients with gaps between their teeth.20 
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  Progression of oral diseases can be prevented through an effective strategy, 
i.e. mechanical plaque control.12 Ordinarily, due to inadequate brushing and 
flossing techniques, there is deposition of plaque in some areas and mouth rinses, 
when used in conjunction with mechanical methods, can effectively help improve 
oral hygiene.21 Antimicrobial mouth rinses are chemical plaque control measures 
that are used along with mechanical methods like brushing and flossing.21 These 
chemicals reduce plaque through their antibacterial, anti-inflammatory, and 
antioxidant properties.22 Various factors such as age, gender, education level, 
awareness, socioeconomic status, religion, and culture impact an individual’s oral 
hygiene practices.17 
Poor oral health can drastically deteriorate the normal day to day functions 
of the oral cavity including speech and phonetics, taste perception, socializing 
abilities, digestion, and mastication thereby also limiting food choices.23  The 
quality of life can be greatly affected in the presence of pain caused by oral diseases 
or dysfunction.24 Nutritional status, body weight and ultimately lowering of the 
body’s resistance to systemic diseases: as a result of discomfort and incapacity to 
chew properly  nutritional deficiency and poor systemic health may ensue.25 This is 
evidenced by poor oral health associated with malnutrition26 and increased 
mortality in elders.27 Additionally, there is an increase in the prevalence of oral 
diseases such as caries, gingivitis, periodontitis, and endodontic lesions all of 
which leads to tooth loss as a result of poor nutritional habits.28 People with tooth 
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loss often consume foods that are rich in saturated fats and cholesterol due to their 
ease of consumption, leading to a malnutrition.24 Malnutrition is  associated with 
an increase in the risk for all-cause morbidity and mortality.27 Moreover, several 
studies have shown that people with malnutrition are prone to infections.29  
The oral cavity supports the growth of various infectious pathogens, 
including viruses, mycoplasmas, bacteria, Archaea, fungi and protozoa that cause 
oral diseases such as caries, gingivitis, periodontitis, endodontic infections, and 
alveolar osteitis.30 These pathogens are often also concurrent to a number of 
systemic diseases that include cardiovascular diseases, preterm birth, diabetes, 
pneumonia etc.31,32 The microbial communities composed of numerous organisms 
form the oral biofilm and play a key role in the etiology of oral diseases. These 
microorganisms generally live together in a harmonious relationship unless there 
is an imbalance in the oral environment.33 The risk of a local inflammatory 
response increases when the environment changes, thereby affecting the 
interaction between these microorganisms and the host resulting in potential 
damage. The accumulation of the biofilm around the gingiva stimulates an 
inflammatory process, thereby causing an increase in the flow of the gingival 
crevicular fluid (GCF). The GCF helps the host defenses, which includes 
immunoglobulins, cytokines, and neutrophils, which complement as well as serve 
as a substrate for the proteolytic bacteria that help in the potential growth of 
pathogens.32  
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Infection of the oral cavity is induced through a biofilm. Accumulated 
dental biofilm consists of approximately 700 different species or phylotypes of oral 
bacteria which are held together by a matrix of extracellular polymers, including 
polysaccharides, lipids, proteins, and nucleic acids.34 The species that account for 
96% of the oral phyla are Firmicutes, Actinibacteria, Proteobacteria, 
Bacterioidetes, Fusobacteria, and Spirochaetes. It is difficult to assess the 
microbiome (the collective microbial community) precisely in the oral cavity 
because oral cavity is an open system exposed to bacteria,  food,  water, air and via 
social contact and kissing.35 Dental biofilm composition is different in a healthy 
individual as compared to a diseased individual and may reflect differing 
susceptibility to diseases.36 
Biofilm and gram-negative bacteria present in the mouth are known to 
cause an inflammatory response in the presence of plaque buildup, smoking, 
genetic predisposition and physiochemical factors.37,15 The pellicle is a protein layer 
formed immediately after the tooth surface is cleaned and consists of glycoproteins 
from saliva. This is then rapidly adsorbed by the biofilm and early bacterial 
colonization as a result of which the suprgingival plaque starts to develop.38 The 
interaction between early bacterial colonizers and the acquired enamel pellicle 
contribute to the formation of plaque. Colonization of the tooth surface occurs 
with the aid of some receptors on salivary molecules which are exposed to bacteria 
only after the molecule is adsorbed to a surface. Furthermore, secondary 
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colonizers adhere to the already attached early colonizers through specific 
molecular interactions called co-aggregation.15 This process contributes to 
determining the pattern of bacterial succession either by protein-protein or 
carbohydrate-protein interactions.39 As the biofilm develops, biological 
environment factors develop, and these allow the co-existence of species that 
would otherwise be incompatible with each other in a balanced environment.15 
Dental plaque exists naturally in the oral cavity, nevertheless it is also associated 
with two of the most prevalent diseases affecting industrialized cultures; caries and 
periodontal diseases.39 Eventually this progresses to form multiple layers, moves 
downward below the gingiva, and forms subgingival plaque. 
Survival or persistence of these microorganisms results from the 
suppression of the host defenses through the release of certain molecules, such as 
proteinases, leukotoxins, and modified lipopolysaccharides (LPS), causing 
destruction of the surrounding tissues, and leading to oral infections.36 
 
Oral microbes- related diseases: 
Dental caries:    
Caries can be seen as a disease that is formed by the interaction between 
the host, environmental factors, biological, social and behavioral factors with 
dental biofilm as the key element.40 These factors together are expressed in a 
highly complex and interactive manner. Cariogenic biofilm is developed from 
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dietary fermentable carbohydrates. Sugar intake in the presence of this mature 
biofilm reduces the internal pH causing demineralization of enamel and dentine.41 
Caries can be caused by bacterial build up through biofilm, chipped restoration or 
due to gum recession. Sugar-free xylitol syrup application suppressed cariogenic 
bacterial growth and prevented dental caries.42  However, a school-based large 
scale trial by Lee et al. using xylitol gummy bear snacks did not decrease caries 
incidence. Additionally, most sugar-free gums and cadies used acidic flavoring 
which increased salivary acidity, and may increase dental erosion.43 
 
Endodontic lesion: 
A polymicrobial infection of the pulp resulting in the destruction of the 
periradicular tissue is an endodontic lesion also referred to as apical 
periodontitis.44 The periapical tissue reacts to the bacteria that invades and 
destroys the equilibrium, resulting in the formation of a lesion. The most common 
microorganism that appears in an endodontic lesion is Porphyromonas 
endodontalis. Other species that also contribute to the virulence factor belong to 
the genera fusobacterium, prevotella, eubacterium, and Peptostreptococcus.45 P. 
endodontalis is potentially linked to endodontic infection and CVD as it is able to 
invade vascular endothelial cells.44 Recently, removing endodontic inflammation 
by root canal treatment has been proven to reduce the risk of cardiovascular 
mortality.46   
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Caries lesions in the proximal and cervical region can increase the incidence 
of gingivitis through soft tissue inflammation which may be promoted due to the 
accumulation of dental plaque in the region. Soluble pro-inflammatory mediators 
like cytokines are produced in response to the oral microbes.36 
 
Gingivitis:  
Inflammatory disorder of the gum is known as gingivitis and is characterized by a 
change in the texture and color of the gingiva, along with bleeding upon probing 
.47  Inflammation of the gingiva causes an increase in the circulating systemic 
markers of inflammation, such as TNF, CRP, IL, serum amyloid-A, pro 
inflammatory cytokines, etc. It is reversible when treated on time or else can 
progress to periodontitis.48  
 
Periodontitis:  
Periodontitis is one of the most commonly occurring diseases in man. Nearly half 
the American population over the age of 30 has some form of periodontitis.49  Mild 
forms of periodontal disease affect 75% of adults, and severe forms affect 20 to 30% 
of adults. Periodontal diseases are common in population and may account for a 
significant portion of proposed infection-associated risk for CVD.50 The disease is 
caused by migration of dental plaque into the periodontal pocket, which causes 
inflammation of the gingiva.  Periodontitis is a multi-factorial disease that triggers 
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the inflammatory host response in the presence of bacterial pathogens in 
individuals with poor oral hygiene.51 When left untreated periodontitis may lead to 
loss of collagen attachment of the supporting structures like the connective tissue 
and bone, and development of deep periodontal pockets which will eventually lead 
to tooth loss.52 Thus, chronic infection and inflammation caused by periodontitis 
may predispose the individual to develop systemic inflammation, like 
atherosclerosis.53 Morrison and colleagues observed 466 CHD and 210 CVD deaths 
and concluded that participants with periodontal disease had more risk of 
developing fatal coronary heart disease.54  In addition, results from several studies 
published during the last two decades indicate that oral diseases, especially 
periodontitis, may possibly act as risk factors for the development of 
cardiovascular disease via chronic inflammation.55 
 It has long been recorded that oral microbiome serves as a reservoir for 
infection at other body sites through the bloodstream via the gingival crevice and 
untreated carious lesions, which are a significant cause of infectious endocarditis, 
brain and liver abscess.35 
 
INFLAMMATION 
Many studies have reported chronic inflammation as a causative factor in 
CVD mortality, particularly those initiated with injury and infection.55,56 
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Inflammatory response in the oral cavity: 
Junctional epithelium is a barrier formed between the oral cavity and the 
connection tissue and constitutes the first line of mechanical defense against 
invading pathogens. Additionally, a small amount of fluid transudate called GCF 
will flow past this barrier even in gingival health, minimizing bacterial 
accumulation mainly by mechanical factor.57 The GCF contains leukocytes and 
macromolecular components derived from serum and underlying connective 
tissue which maintains homeostasis in healthy conditions.58 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Initiation of inflammatory response at the gingival level.59 
Adapted from Madianos et al., 2005 
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When bacterial concentration in the biofilm exceeds the threshold level, an 
immune response is activated by initiating a series of events in the underlying 
connective tissue, including angiogenesis, increased vessel wall permeability, and 
accumulation of inflammatory cells, in order to preserve/maintain homeostasis.36 
The defending leukocytes in the area are triggered by the release of endotoxins, 
protease and N-FMLP to react with phagocytes and the production of small, very 
active signaling proteins called cytokines.60  The sites with periodontitis contain a 
higher level of GCF as well as pro- and anti-inflammatory cytokines like IL-1, TNF-
alpha and IL-6 compared to healthy sites.61 
During the inflammatory process, more leukocytes are recruited from blood 
stream of adjacent connective tissue due to released cytokines and endotoxins. The 
cytokine and endotoxins will expand the expression of adhesion molecules such as 
ICAM-1, VCAM-1, E-selectin and P-selectin on the endothelial surface causing 
more leukocytes to adhere and penetrate the cell wall.62 The chemotactic gradient 
is constituted of products from the innate defense system and the released 
chemokines like IL-8, which guide the recruitment and movement of leukocytes to 
the inflamed tissues.62 
The GCF is mainly comprised of PMNs, which belong to the innate defense 
system, and provide an essential primary defense against bacterial pathogens such 
as S. aureus. The PMN are very important in the attack and defense, opposing 
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bacteria by phagocytosis and releasing enzymes like elastase, lysozyme, lactoferrin, 
and bacterial collagenase.63 
The predominant leukocyte in advanced stages of periodontitis is the 
plasma cell (i.e., antibody producing B-cells). The production of antibodies from B-
cells is dependent on signals from T-lymphocytes called T-helper cells (Th).64 
There are three types of Th cells, identified by the cytokine profile: Th1 cells 
secrete IL-2, IL-12, TNF-alpha, interferon-gamma; Th2 cells, mainly produce IL-4, 
IL-5, IL-6, IL-10, IL-13; and, Th3 cells secrete TGF-Beta. Although the Th2 subset is 
more abundant in periodontitis lesions, the relative importance of Th1 and Th2 
subset is poorly understood in periodontal disease.65 There has been a lot of focus 
on the effects of oral infection, particularly periodontitis, which is an inflammatory 
disease caused by bacterial invasion on general health outcomes. 
Inflammation is a potential contributor to all stages in the pathogenesis of 
atherosclerosis from plaque formation and the myocardial damage following 
ischemic changes.66 There are three factors in which oral infection can affect the 
host susceptibility to systemic diseases, including: common risk factors, the 
presence of gram negative bacteria, and the production of inflammatory mediators 
by the periodontium.67 
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Table 1: Effects of bacterial virulence factors on host cells 
Bacterial 
factor 
Epithelial 
cells 
Monocytes 
/Macrophag
es 
Endothelial 
cells 
Fibroblast 
cells 
Mast 
cells 
LPS IL-8 IL-1β, TNF-α, 
IFN-γ, IL-6, 
IL-12, IP-10, 
MCP-5, IL-8, 
MIP-1α, MIP-
2, PGE2, NO, 
L-selectin, 
CD-
11α/CD18, 
CD11β/CD18 
E-, 
P-selectin, 
MCP-1 
MCP-1, 
IL-1β, 
IL-6, 
IL-8, 
ICAM-1 
IL-1β, 
TNF-α, 
IFN-γ, 
IL-6, 
IL-12, 
IP-10 
Peptidog
lycan 
IL-8 IL-1β, TNF-α, 
IL-6, IL-8, 
MIP-1α, NO 
ICAM-1, 
IL-8 
IL-8 Histami
ne, 
TNF-α, 
IL-
10,Prost
aglandi
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ns, IL-4, 
IL-5  
HSP IL-6   IL-6, 
IL-8 
 
fMLP  TNF-α, CD-
11α/CD18, 
CD11β/CD18 
 
   
Toxins  IL-1β, IFN-γ, 
IL-6, IL-8, 
IL-10 
   
Protease
s 
Il-6, β-
defensins 
    
 
Systemic inflammation: 
To explain the link between bacteremia and oral infection, several 
mechanisms have been proposed.67 The direct pathway facilitates bacteria and 
their bi-products though the bloodstream into the circulation and provides an 
environment for the microbiota to grow and transport to distant sites like the 
arterial walls, aorta and heart valves.68  
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  There is evidence that oral microbes such as P gingivalis cause 
inflammation of the oral cavity by inducing gingival ulceration and vascular 
changes, thereby increasing the severity of transient bacteremia. Consequently, 
oral bacteria enters into the circulation leading to long standing inflammatory 
injury of the vasculature thereby contributing to the formation and growth of the 
atheroma.67  
When oral microbes gain systemic access, they can influence the mediators 
of CVD events such as hypercoagulability, atherosclerosis or both.69 This activates 
the host inflammatory response through various mechanisms, and favors an 
environment for the atheroma formation, maturation and exacerbation to occur, 
leading to artherosclerosis.70 Atherosclerosis causes endothelial dysfunction, 
reduction of the lumen size of blood vessels, vascular fatty degeneration, arterial 
stiffness, intravascular coagulation, high blood pressure, and ultimately ischemic 
effects of the heart.38 Atherosclerosis is an inflammatory disease with evidence 
showing oral infection as a major factor in inducing injury to the endothelium. The 
intimal layer of the affected artery begins to deposit lipoproteins such as low-
density lipoproteins (LDLs), which attracts the accumulation of monocytes and 
lymphocytes. 71 When residing in the walls of the blood vessel, these pathogens 
initiate a pro-atherosclerotic effect by adhering circulating monocytes to the 
vascular endothelium subsequently causing changes in the vessels. Changes 
include smooth muscle cells proliferation and migration, an increase in the release 
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of cytokines (IL-6, IL-1β and TNF-α, etc.), chemokines, growth factor (basic 
fibroblast growth factor, bFGF, tumor growth factor (TGF)-β, etc.), and cellular 
adhesion molecules like intercellular adhesion molecule 1(ICAM-1), endothelial 
leukocyte adhesion molecule 1 (ELAM-1), and vascular cell adhesion molecule 1 
(VCAM-1).72,73  Furthermore, the monocytes mature into macrophages, thereby 
allowing an increase in the uptake of LDL which eventually die and leave a 
necrotic lipid-rich atheromatous plaque containing area of calcification along with 
extracellular matrix.  Remodeling of this extracellular matrix may occur due to 
activation of T-cells, which stimulate metalloproteinase. This causes thinning and 
rupture of the plaque whereby the clotting system is activated followed by 
occlusion of the artery.71 
 
Indirect pathways - Biological mechanisms linking oral infections and 
cardiovascular disease. 
Platelet aggression and activation leads to the formation of a thrombus, (a 
clot) which has been shown to increase in the presence of infection.68,71  Oral 
bacteria such as Streptococcus sanguis, Streptococcus mutans, Streptococcus 
agalactiae, Streptococcus pyogenes, Streptococcus gordonii, Streptococcus 
pneumoniae, Streptococcus mitis, and Porphyromonas gingivalis have collage-like 
platelet aggregation-associated proteins on their surface.67,71 These species can 
initiate platelet activation through a heterogeneous mechanism due to the 
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presence of a protein on the surface known as the platelet aggregation-association 
protein (PAAP).74 This reaction is important because, as Potempa et al. found, the 
presence of an enzyme referred to as Gingipains R, released by P. Gingivalis, 
initiates a reaction in the body that ultimately leads to the formation of a 
thrombus.75  
The second factor which associates oral infections with CVD might be the 
immunological pathway.3 The immunological pathway involves an exaggerated 
host response by the body due to an increase in the level of the oral microbia or 
the lipopolysaccharide (LPS) challenge that promotes the pro inflammatory 
response of the innate immunity via mediators such as PGE2, TNF-α, and IL-1β.76,67 
LPS is produced by gram negative bacterial cell wall which is one of the main 
triggers of this process.44 Systemic inflammation induces circulating cytokines and 
acute phase proteins (serum amyloid A), which was replicated in animal models 
using P. Gingivalis, and has been associated with progression and destabilization 
of atherosclerotic plaque.73 A patient with oral disease generally has a 
hyperinflammatory monocyte phenotype which involves a 3-10 fold greater 
amount of mediators that secrete in response to LPS, thereby substantially 
increasing the risk of a clot.75  
The third mechanism, which associates oral infections with CVD, might be 
the inflammatory pathway.  The inflammatory pathway involves the interaction 
between the bacteria and the inflammatory products released by the oral infection 
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causing endothelial injury, and subsequently inducing the endothelial cells to 
promote atherosclerosis.3,67 Molecular mimicry is a process when the humoral 
immune responds against the heat shock protein (HSP), whereby the human HSP 
and the pathogenic HSP cross-react initiating an autoimmune response.  The 
autoimmune response leads to an overexpressed endothelial injury, thereby 
triggering atherosclerotic events ultimately leading to CVD.73  
C-reactive protein (CRP) is an acute phase reactant, which means its levels 
rise in response to inflammation like in the case of periodontitis. It is produced by 
the liver and forms deposits in injured blood vessels. It binds to injured vessels and 
activates the complement system, which is a part of the immune response. CRP 
has the ability to activate phagocytes, initiate lipid uptake by macrophages, release 
pro-inflammatory cytokines, and inhibit the production of nitric oxide all of which 
contribute to atheroma formation.77 Atheroma formation leads to adverse 
cardiovascular events including myocardial infarction, ischemic strokes and death 
.67 Several studies have reported an elevated level of plasma CRP in patients with 
oral and cardiovascular diseases as compared to controls.78,79 
Heat shock proteins, such as Hsp65, another marker that is important in 
maintaining normal cellular function, is amplified in response to stress including 
inflammation and infection.67 Oral infection induces the interaction between heat 
shock proteins and the immune response as it promotes the macrophages to 
release TNF, MMP expression (matrix metalloproteinase); endothelial cell 
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expression of E-selectins, ICAM-1, VCAM-1, IL-6, and activates nuclear factor-
kBcomplexes, all of which have a proatherogenic action. Thus, various studies have 
correlated the presence of HSP with the development of atherosclerotic lesions 
with presence and progression of vascular diseases. 
Lastly, the nutritional pathway via poor quality, high caloric food choices 
may serve as another pathway between oral infections and CVD. Oral infections 
can cause tooth loss, which can directly affect the choice of food individuals are 
able to consume.  Due to difficulty in chewing, these individuals may opt for foods 
that are high in calories, carbohydrates and fat. As a result, there is an increase in 
the levels of lipids (fats) in the body. High levels of a type of lipid called low-
density lipoprotein cholesterol leads to atherosclerosis increasing the risk of heart 
attacks and strokes. In individuals who are partially edentulous, elevated serum 
low-density lipoprotein acts as an adjuvant to plaque deposits causing an 
exaggerated monocytic response to LPS.67 A high-fat diet has shown to elevate 
circulating endotoxins and serves as a link between fat, inflammation and 
microbiota thus contributing to the formation of a CVD event.76 Additionally, 
associated with an elevated level of CRP which may indirectly induce the 
inflammatory process leading to CVD.3 Conversely, several studies have 
demonstrated that nutritional foods high in fiber, vitamin E, heme iron and pro-
vitamin A carotenoids have a protective effect on CVD.80  
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Several studies have suggested the presence of oral pathogens in an 
atherosclerotic plaque, thereby proposing that oral microbes play a role in the 
formation of a plaque. The oral species found included, but are not limited to, 
species of Provotella, Porphyromonas, Camphylobacter, Actinobacillus, Tanerella, 
Chlamydia, Streptococcus, Bacteriods, and Actinomycetemcomitans. 81,82,83 Reyes 
et al. discovered a link between oral pathogens and atherosclerosis through a few 
points of evidence: firstly, they observed that oral bacteria can circulate into the 
systemic vasculature; secondly, oral pathogens were identified in affected tissues-
atheroma through multiple detection technologies; third, they observed oral 
pathogens live within the affected site; fourth, oral pathogens invade 
cardiovascular cell types; fifth, oral pathogens increase in frequency and size thus, 
induce atherosclerosis in animal models. However,, they could not isolate 
periodontal pathogens from human atheromas and induce atherosclerosis in 
vivo.82 
Many studies have shown an association between oral infection and 
atherosclerosis. Most CVD is caused by atherosclerosis which typically leads to 
myocardial infarction (MI) and stroke (cerebrovascular accident).84  
 
CARDIOVASCULAR DISEASE MORTALITY 
The life expectancy for the U.S population decreased from 78.9 to 78.8 years 
in 2015.5 Cardiovascular disease is the leading cause of mortality and morbidity 
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worldwide. The Framingham Heart Study published that by age 40, 49% of men 
and 32% for women will show clinical signs of CVD accounting for 30% of 
mortality.85   
The World Health Organization International Classification of Diseases 
(ICD)-10 codes I00 through I99 were considered deaths due to cardiac causes, and 
the most prevalent was I25 (chronic ischemic heart disease). Cardiovascular 
disease includes coronary heart disease (CHD), coronary artery diseases (CAD) 
and acute coronary syndrome (ACS), along with several other conditions affecting 
both the heart and blood vessels.86 While CAD is characterized by the presence of 
atherosclerosis in the coronary arteries and is asymptomatic, ACS almost always is 
present with symptoms such as unstable angina, MI and ischemia regardless of the 
presence of CAD.  In the 2016 update of the American Heart Association (AHA), a 
reported 15.5 million people over the age of 20 years have CVD. Approximately 
every 42 seconds an American suffers from an MI.86 Among those, Coronary Heart 
Disease is the prime cause of deaths (45.1%), followed by stroke (16.5%), heart 
failure (8.5%), high blood pressure (9.1%) and arteriosclerosis (3.2%).87  
 
Risk factors 
The traditional risk factors only account for one-half to two-thirds of the variation 
in the incidence of cardiovascular disease.88 Genetic risk factors include age, lipid 
metabolism, hypertension, obesity, diabetes, and increase in the fibrinogen level. 
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The remaining risk factors are environmental risk factors and include 
socioeconomic status, exercise, smoking, stress, diet, intake of NSAIDs and 
chronic infection.89 These factors have shown a continuous, dose-dependent 
effect on CHD and play a significant role in risk.89 
 
Hypertension 
Patients with hypertension often have an elevated concentration of angiotensin II, 
a potential vasoconstrictor that stimulates the growth of smooth muscle in 
addition to causing hypertension thus contributing to atherosclerosis a 
cardiovascular disease initiation. Angiotensin II causes smooth muscle 
contraction, hypertrophy; increases protein synthesis and intercellular calcium 
concentration; and increases the inflammation and oxidation of LDL, thus posing a 
risk in the development of CVD.90 
 
Cholesterol and triglycerides 
Some studies have shown the higher the blood triglyceride level, the greater your 
risk of coronary heart diseases and heart attack. According to CDC, people with 
higher cholesterol have twice the risk of heart disease as compared to people 
with lower levels.91  
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Diet & Added Sugars  
Various randomized trials and epidemiological studies have shown that 
individuals who consume more amounts of added sugars, have a higher risk of 
obesity, type 2 diabetes mellitus, dyslipidemias, hypertension and eventually 
CVD mortality.92  
 
Age 
Age is a predisposing factor for most chronic diseases, as the body is exposed to 
many factors including stress, strain and free radicals with advancing age thus 
hastening the breakdown of cell and organ functions including alteration of 
arteries.93  Age as a risk factor in the oral cavity accounts for a longer exposure 
time for the microorganisms thereby increasing its impact. Age related changes 
can be accelerated with the presence of CVD and microorganisms.  
 
Gender 
In general, women tend to take care of their oral hygiene as compared to men, 
thus having better oral health. There is data indicating the positive impact of 
estrogen in women in reducing bone loss around the teeth and also associated 
with reduced risk of CVD.94 
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Diabetes 
The immune system and inflammation are responsible for the increased risk of 
oral infection, CVD, and diabetes. Individuals with diabetes  and CVD  are at 
higher risk of  adverse macrovascular and microvascular outcomes along with 
functional disability and geriatric syndromes.88  
 
Obesity  
Nearly 2/3rds of seniors are overweight or obese.  There are several factors that 
contribute to the high rate of obesity among older adults such as a decline in 
metabolic rate with age, older adults require lesser calories to support their 
energy needs. Since it is difficult to change life-long dietary habits, the 
combination of reduced physical activity and increased caloric intake have 
increased independent risk for multiple atherosclerotic factors. There was an 
increased risk for CV mortality observed in a systematic review of reported 
cohort studies in obese patients possibly due to an increase in low-grade 
inflammation.88 
 
Smoking 
Cigarette smoking is a leading cause of death worldwide, and the strongest risk 
factor for both oral health and CVD. The effects of tobacco include an increase in 
the generation of free radicals, increase in inflammatory markers, reduction in 
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the bioavailability of nitric oxide, enriched platelet and leukocyte activation and 
prothrombotic alterations in coagulation factors.88 
 
Physical inactivity 
Morris, et al. established a significant association between physical inactivity      
and CVD risk. Sedentary lifestyle has shown biological and clinical effects on the 
CVS. Regular physical activity reduces various CVD risk factors like serum lipids, 
blood pressure, body weight and other factors that have a positive effect on the 
overall health of the individual.88  
 
Rational 
Several studies have reported plausibility and potentially causal associations 
between oral health and cardiovascular mortality, nevertheless, due to variability 
in results and the complex pathogenic pathways with CVD, the American Heart 
Association issues a guideline stating that there is no evidence to support that 
periodontal treatment improved cardiovascular outcomes.13   It is important to 
note, that in these studies not all confounding factors were taken into account. 
Plaque removal is among the strongest factors in causing an imbalance in the oral 
health homeostasis, which eventually leads to systemic outcomes through 
systemic inflammation. Fortunately, tooth brushing and flossing are simple self-
reported measures and cost-effective methods for preventing large scale future 
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health issues. These daily interventions are easily implemented with little expense 
and no risk. Thus, this topic has important public health implications with respect 
to the high prevalence of CVD. This thesis will explore the evidence for the health 
benefits of oral hygiene with respect to CVD in a longitudinal analysis. The aim of 
the current study is to examine the association of oral home care and 
cardiovascular outcome adjusting for confounding factors such as age, sex, 
smoking, total to HDL cholesterol ratio, hypertension, education, and diabetes 
status. This study hypothesizes that better home oral health care practices will be 
associated with reduced cardiovascular mortality. 
 
PURPOSE 
The purpose of the study is to assess the role of oral hygiene home care methods 
on cardiovascular outcomes, which have a positive effect on the overall systemic 
health.  
 
Primary study endpoint: The primary objective of this study was to measure 
overall Oral Health Home Care Scores created mathematically from combining 
brushing frequencies, flossing frequencies and dental check-ups within previous 12 
month (yes/no) (brushing and flossing), and its association with cardiovascular 
mortality.  
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Secondary study endpoint: The secondary objective of this study was to  
A. Evaluate if oral health practices have an independent association with CVD. 
B. Evaluate if individual oral health practices have an independent association 
with CVD mortality.
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METHODS (research-based) 
 
         The study was approved by the Boston University Institutional Review 
board. This study was carried out according to the Declaration of Helsinki. 
Study design and population: The study was a secondary analysis of data 
collected from a prospective cohort study; the Kuopio Oral Health and Heart 
(KOHH) study - Kuopio, Finland. This study compared mortality outcome to the 
baseline data of 506 subjects, from 1997-2015; an 18 year follow-up. The cohort was 
comprised of approximately 64% men and 36% women who ranged in age from 22-
85. Data collected in the KOHH study at baseline, which was analyzed for the 
purposes of this current study included lifestyle habits, oral health and medical 
history.  Medical history was verified via a review of medical records. (Of Note: 
Finland collects all health data including mortality data of its residents by the 
assignment of a unique identifier.) 
Table 2: Inclusion and exclusion criteria 
 Inclusion criteria Exclusion criteria 
1 Age 25 and above  if participant took antibiotics or 
needed antimicrobial treatment 
during the past 30 days 
2 CAD defined by a 50% stenosis in has a chronic or acute infection other 
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one of the epicardial arteries than a dental infection 
3 No contradiction to oral 
examination or dental x-rays 
Those who needed emergency 
coronary by-pass surgery or valvular 
replacement surgery 
4  Pregnancy  
5  Psychological reasons that render 
participant as unfeasible 
 
Data collection: The information obtained from the KOHH study, and used for 
analysis in this study included age at 1st visit (years), sex, education (attended in 
years), smoking status (past, current, ever smoker and never smoker), BMI, 
income, history of diabetes and hypertension, cholesterol/HDL ratio, ID, date of 
death, death due to CVD, CVD, all cause death, tooth brushing, flossing and 
mouthwash (1 = never, 2 = several times a month, 3 = several times a week, 4 = 
several times a day), dental checkups (1 = once a year, >1 = longer duration 
between checkups), electronic tooth brush and sweets (1 = yes, 2 = no), sugary 
beverages intake (4, 3 = yes; 2, 1 = no), and number of teeth.  
Baseline information regarding dental home care behavior, particularly the 
use of dental floss and tooth brushing included frequency, daily time spent on oral 
hygiene, type of brush used, use of mouthwash, frequency of dental checkups and 
number of teeth were analyzed in this study while adjusting for confounding 
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factors such as age, sex, smoking, total to HDL cholesterol ratio, hypertension, 
education, and diabetic status.  
 The outcome measure, CVD mortality, was accessed using the mortality 
records obtained from the Finnish Death Registry from 2008-2015. The ICD-10 
codes 100-199 were considered death due to cardiac causes. 
 
Statistical Analyses 
  Data analysis was performed using R programming version 3.3.3. A 
univariate analysis was used to assess the baseline characteristics of all variables 
including age, sex, smoking status (ever smoker, never smoker, past smoker, 
present smoker), BMI, cholesterol ratio, hypertension, diabetes, income, 
education, and their oral hygiene habits. The numerical measures (mean, median, 
range etc.) were used to describe the continuous variables such as BMI, income, 
age, and cholesterol ratio. Education, as well as the other categorical variables that 
were either binary or ordinal, were measured as a frequency distribution, i.e. a 
summary of the data occurrence in a collection of non-overlapping categories. 
Bivariate associations between CVD outcome (dependent variable) and oral 
hygiene score, and demographic characteristics as predictor variables were tested 
using a t-test or chi-squared test to assess the continuous and categorical variables 
respectively. The oral hygiene score was calculated by creating a combined score of 
the oral hygiene home care habits including, brushing, flossing, mouthwash and 
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use of electronic toothbrush. In order to create an overall oral hygiene score, the 
ordinal variables were converted to binary variables such that a score of 2, 3 or 4 
would be counted as good brushing, or yes habit present with a score of 1, while a 
score of 0 would be counted as no habit absent. This was followed by the creation 
of an oral hygiene score depending on the number of oral hygiene habits the 
individual practiced. Participants who brush, floss, use mouthwash and electronic 
tooth brush or performed any 3 of the habits are assigned a score of 2 (high). 
Participants who followed 2 of the 4 habits are assigned a score of 1 (medium) and 
the rest are assigned a score of 0 (low). Next, a multiple regression model was used 
to analyze the primary study outcome; the relationship between the oral hygiene 
score assessed at baseline and the CVD outcomes, controlling for various 
confounders and covariates.  
The secondary study outcome, (A) the association between each individual 
oral hygiene habit and cardio vascular disease was measured using a chi-square 
test for the variables brushing, flossing, use of mouthwash and electronic 
toothbrush. 
(B) The association of each individual oral hygiene habit and CVD mortality 
was measured by logistic regression model, controlling for various confounders. 
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RESULTS 
 
Baseline and demographic characteristics of the cohort are described in 
Table 3. Overall, the gender distribution of the study cohort included 64% males 
and 36% females with a mean of 60 years (Figure 6).  Of the risks factors associated 
with cardiovascular disease (CVD), approximately one-third of the cohort smoked 
and had hypertension, while 51% had cardiovascular disease.  The all-cause 
mortality and deaths attributed to CVD were 64 and 102, respectively.  Assessment 
of oral health hygiene practices showed that 16% of the study population used an 
electronic toothbrush, while 43% reported having annual dental visits.  Details 
regarding the remaining oral hygiene habits are presented in Table 8. Income 
(Appendix – Figure 3) and education had no association with the level of 
awareness to oral hygiene habits. However, smoking status changed from a total of 
n=160 ever smokers, to n=50 current smokers (Appendix – Figure 4). 
 
Table 3: Baseline and demographic data 
 Yes (n) No (n) 
Smoker  160 322 
Diabetes  50 456 
Hypertension 169 337 
  
34 
CVD 256 250 
Males  322  
Females  184  
CVD deaths 102  
All cause death 64  
Age (mean) 60  
Annual dental visit 216  
Electronic toothbrush  83  
 
To find an association between the various variables and CVD outcome a 
bivariate analysis was performed. The results shown in Table 4 demonstrate that a 
significant association exists between people who have had a CVD outcome, and 
the following characteristics including age, number of remaining teeth, cholesterol 
ratio, presence of hypertension, smoking, consumption of sweets, and oral hygiene 
habits including brushing, flossing, last dental visit, and use of electronic 
toothbrush (p value less than 0.05). 
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Table 4: Bivariate analysis to find the association with CVD outcome 
Variable P value 95% confidence interval 
Age  0.00-14 (-9.17- (-5.63)) 
Gender  0.13  
Income  0.34 (-1167.7 – 3291.71) 
Education  0.24  
BMI  0.11 (-0.13 - 1.35) 
Smoking  0.00  
Diabetes  0.10  
Cholesterol ratio 0.03 (-0.64 – (-0.04)) 
Hypertension  0.01  
Sugars with coffee/tea 0.15  
Sweets  0.00  
Number of teeth  0.00 (4.25 – 8.44) 
Mouthwash  0.85  
Brushing  0.006  
Flossing  0.003  
Electronic toothbrush  0.03  
Last dental visit 0.002  
OH score  0.000  
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The confounders such as presence of CVD, age, and smoking were highly 
correlated with numerous independent variables in the model. In addition, 
baseline CAD is the intermediate outcome on the causal pathway to CVD 
mortality. Thus, adjusting intermediate variable on the causal pathway is 
inappropriate. We did not include them in the models as it would be more 
important and reduce the effect of other variables. Consequently, the models were 
adjusted by restricting the variables used to study the effect of OH score. 
A logistic regression analysis was performed to assess the simultaneous 
influence of variables including hypertension, BMI, last dental visit, diabetes, and 
OH scores on CVD mortality. Data in Table 5 demonstrates that an association 
between OH score 2 and CVD (p = 0.004, OR = 0.21) exists; suggesting that 
participants with an OH score 2 had a 79% decreased risk of CVD mortality if all 
other variables remain constant. As the odds ratios (OR) for OH scores is 
decreasing for OH score 1 to 2, the odds of a person dying due to CVD decreased 
compared to having an OH score of 0 (if all the other variables remain constant), 
implying that better oral hygiene has a protective effect on the risk of CVD 
outcomes. Dental visits (p = 0.01, OR = 0.35) also showed a significant association 
with CVD mortality suggesting that annual dental visits decrease the risk of CVD 
mortality by 65%. Conversely, people with hypertension have a (p = 0.09, OR = 
1.58) 58% greater odds of cardiovascular disease mortality. 
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Table 5: Logistic regression analysis for multiple variables and CVD 
mortality 
Variables OR P-value 
OH score 2 (High) 0.21 0.00* 
OH score 1 (medium) 0.59 0.06~ 
Hypertension  1.58 0.09~ 
BMI 0.93 0.08  ̴̴̴̴̴̴̴̴̴ 
Diabetes 1.09 0.82 
Cholesterol/HDL ratio  1.13 0.19 
Dental visit 0.35 0.01* 
*Significant at α-level of 0.05      ̴ at 0.1 
 
The results in Table 6 reflect the measure of independent association 
between individual oral hygiene habits and cardiovascular disease. The results 
show that flossing, brushing, number of teeth, last dental visit, and use of 
electronic toothbrush were each associated with CVD, while use of mouthwash (p 
= 0.60) was the only oral habit that had no independent association with CVD.  
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Table 6: Association between individual oral habits and CVD 
Variables P valves 
Brushing  0.04 
Flossing  0.00^-7 
Mouthwash  0.60 
Electronic tooth brush 0.00^-5 
Last dental visit  0.00^-5 
Number  of teeth 0.00^-11 
 
Table 7 reflects the secondary outcome (B), the association of individual 
oral hygiene habit and CVD mortality. The only OH practice that was shown to be 
independently associated with CVD mortality was flossing (p = 0.03; OR = 0.35) at 
95% CI, implying that flossing acts as a protective factor i.e. flossing decreases the 
odds of predicting CVD death by 65%.  
 
Table 7: Logistic regression of individual oral habits with CVD outcome 
Variables OR P value 
Hypertension  1.42 0.26 
Sweets  1.15 0.00** 
BMI 0.93 0.06 
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Dental visits 0.53 0.18 
Diabetes  0.66 0.37 
Cholesterol/HDL ratio 1.11 0.30 
Mouthwash  1.40 0.25 
Brushing  0.80 0.62 
Electronic tooth brush 1.65 0.40 
Flossing  0.35 0.03* 
Number of teeth 0.95 0.00** 
** 90% CI                      *95% CI 
 
 
 
 
 
 
 
 
 
 
Figure 2 Plot representing percentage of participants death based on Oral 
hygiene score 
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Figure 2 shows that most participants belonged to the low and medium OH score 
groups out of which, a significantly higher percentage of people with a low OH 
score died due to CVD.  
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DISCUSSION 
 
Inflammation is associated with both oral infection and systemic health 
with growing evidence suggesting oral infection as a causal factor for the 
development of cardiovascular diseases.  Accordingly, this study set out to assess 
the role of oral hygiene home care methods on cardiovascular mortality.  Overall, 
results from this cohort of 506 subjects found an increased risk of CVD mortality 
for participants with poorer oral hygiene habits suggested by an inverse correlation 
that exists between oral hygiene habits (p=0.02) and CVD mortality. In a similar 
study by Scottish Health Survey, better tooth brushing practice in particular was 
observed to be associated with lowering the risk of CVD.95 In this study all habits, 
particularly flossing (p=0.03), appeared to decrease the risk of a CVD outcomes 
similar to study by Meurman et al. who observed that participants who did not 
have CVD were frequent in using dental floss as compared to CVD group. 
However, this study did not find use of mouthwash to have an effect on mortality. 
This finding is also consistent with results from previous studies that found that 
participants with good oral hygiene had a 1/3rd lower risk of experiencing a CVD 
event as compared to participants with poor oral hygiene.37 Also observed in this 
same study was the impact of age and smoking status which strongly attenuated 
the association between oral hygiene and CVD mortality such that, increasing age 
and smoking independently increased the risk of CVD mortality.  A change in 
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smoking status was observed implying a change in behavior in participants who 
were making a healthy lifestyle change as smoking is a known risk factor for all-
cause mortality. Comorbidity such as diabetes did not seem to affect CVD outcome 
in this study, which could be due to the small sample size of subjects with 
diabetes. This study also showed that a high cholesterol ratio and hypertension 
were significantly associated with CVD and CVD mortality. Participants who 
visited a dentist annually have a positive effect on CVD outcome suggesting that 
good oral health reduces the risk of CVD mortality.  Similar results were reported 
by various studies whereby teeth loss was used as a measure of poor oral health 
(HR 1.50;95% CI 1.16,1.93).96 The current study observed that the odds of a person 
with a high OH score (OR=0.21) dying due to CVD mortality was lower as 
compared to people with a low oral hygiene score (OR=0.59). Promoting good oral 
hygiene practices would be a cost effective way of maintaining systemic health and 
overall well-being. 
Given that periodontal disease is estimated to affect half of all Americans, 
even a small benefit may be helpful. The other side of the benefit-risk analysis of 
oral hygiene practices is an absence of documented harms as well as minimal cost 
to patients. If both cardiovascular system and inflammation can be maintained 
and improved by cultivating simple dental hygiene home care, then wide spread 
awareness is necessary. 
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A population based cohort showed an association between good oral 
hygiene practice and longevity.97 Results from this study are consistent with this 
showing dental care behaviors, particularly the frequency and use of dental floss, 
daily teeth brushing, use of electronic toothbrush, more frequent dental visits, and 
number of teeth present were associated with better survival (OR=0.21, p= 0.00).  
The recommendation for flossing was put in place by the federal 
government in 1979, however last year this recommendation was removed without 
notice as previous studies assessing the effectiveness of flossing have either shown 
weak evidence or lacked efficacy. Possible explanations for this lack of concrete 
evidence might be attributed to studies using outdated methods; testing’s for a 
very short duration too brief to assess the development of a disease; use of a small 
sample size, and, importantly, that not many studies examined the association 
between flossing and CVD mortality. 
Limitations of the study include use of a self-reported questionnaire at 
baseline, which has the potential to create reporting bias as participants might 
have over/or underestimated answers. However, other variables such as number of 
teeth and last dental visit can provide an idea of oral habits and health, thereby 
minimizing the influence of reporting bias on the results. Due to the cross section 
design, data was collected only once, consequently, a change in oral hygiene 
behavior overtime, and the capability to determine the sequence of events - 
whether oral hygiene health practices occurred before, during or after CVD 
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mortality – were missed. Thirdly, the sample size for this study was small, thereby 
reducing the power of the study further. Lastly, selection bias may have reduced 
the generalizability of the study findings as the subjects were selected from a single 
hospital.  Future studies that address the above mentioned limitations will 
improve the ability to detect significant associations between oral hygiene and 
CVD.  
 Future Studies – to improve upon the limitations noted above, a large 
prospective cohort study to assess the effects of oral hygiene practices on CVD 
status in a more diverse population, including a complete oral examination at 
baseline to cross check the oral health status along with a follow up of the oral 
hygiene habits at regular intervals to observe any changes in behavior, is 
recommended as the next steps. 
Conclusion - Poor oral hygiene leads to both poor oral health as well as the 
general health of an individual. Results from this study suggest that good oral 
hygiene habits and frequent dental visits reduce the risk of a cardiovascular 
mortality. 
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APPENDIX 
 
 
 
 
 
 
 
 
 
Figure 3 Distribution of death due to CVD death based on income   
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Figure 4 Plot comparing causes of death and smoking status 
 
Smokers had a very significant effect on CVD outcome however when it was removed 
from the model the results were not very conclusive hence it appears as if smoking 
along with oral hygiene habits has an effect. 
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Table 8: Frequency of oral hygiene habits 
Oral Habits Rarely Several 
times a 
month 
Several 
times a 
week 
Several 
times a 
day 
Brushing  29 42 176 259 
Flossing  359 85 36 26 
Mouthwash 316 101 50 39 
Sweets  110 351 18 27 
 
 
 
 
 
 
 
 
 
 
 
 
  
48 
  
Figure 5 Plot showing relation between CVD death, cholesterol and oral 
hygiene score 
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Figure 6 Distribution of death due to CVD and Gender 
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